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in the. “1’cchnolo~y  2006 Case Studies/Success Stories presentation, wc will ctc.scr-ibc  and
dc~]]ons[lalc  a protoIypc  of a compact optical pamrn recognition systcm as an example of a
smccssfu] technology transfer and continuing dcvclopmcnt  of s[atc-of-tbc-art know-how by Ihc
close. collaboration among government, academia, and small businesses via the NASA SBIK
program. “J’hc prototyj}c consists of a complete .sct of optical patkm  recognition hardware with
multi-channel storage and retrieval capability that is compactly configured inside, a portable
1 ‘x2’x3’  aluminum case. “1’hc prototype invoked advanced la,scr holographic and opto-cle~h-ollic
methods which have impor[ant government and commercial applications including I mar and Mars
exploration robotics vision, automatic targ,ct dctcc.ti  on, fi ngcr prints identification, and indm(rial
it]s]mction  automalcd  quality contt o] operations.

IN’J’I{OI)(JC’J’1 0N”

Since the advent of the Vandct  1,IIgt tezht)iquc for the synthesis of an op[ical  matched
spatial filter (MS] 1’)1, there have been many dcmonsll ations of this patkm  recognition method on
diverse classes of inpul  data. Owing to the quasi-] )eliodic structures (of the. ridges and valleys)
such as in the example of the case of human fingerprints, it seems natural to examine these patkv ns
in the frequency don] ai n. In fi~ct, several schcrncs  for this purpose have been p oposcd  and
cx])c]i[]]cl~tall~~  verified in tile past. ‘1’hcsc inc]udc.  Vandcr 1.ugt corrc]ators”,  j o i n t  transfor[n
corrclators45, and an oplical IJouricr transfol m wi[h a ring-wedge dctcctor67.  (icncrally an all-
optical  Vandcl 1 .ugl corlclatm is simpler and less cxpcnsivc  in comparison with the hybrid syslcm
using a compu[cr and a spatial light modulator (S1 ,M), an(l is thus more dc.sitablc  for an ccononlic
pa{[crn  recognition system with moderate accuracy.



‘1’hc basic Vancicr  1.ug,t corrclatm  have usually been diviclcd  into two mtcgorics:  the
classical 4f sys(cm and the scaling corrclatorX. in t}lc latter the ciistancc  between the object plane ald
the filter plane may bc changcci  to lna[c.h  tl)c wavclemfgh  diffcrcncc in recording and rccons[ruction.
]n (1]c practical pcrforlnance. of a correlator, the effects of different factors on correlation
dcp,radation havcbccn  irl~’cstig:ilc(l’’’(’. ‘1’hcpcrposcof  this papcris  to shown how amulli-channel
optical pattern recognition prototype may bc packagccl  in a compact system and to discuss the
potcrntial  applications of the system.

A  COMI’AC’11  llRICA1)IIOARI)  I’R()’1’O’1’171’IC

‘1’hc systcm architecture and proce.durc  of opmt ion of a breadboard of a compact prototype
arc. dc.scribe.d below.

1 ‘ig,urc 1 is a systcm diagram of the compact breadboard prototype. ~’he systcm is designed
to bc arranged on a 18“x30’’x().5”  mini-bench mountcci  in an :iluminum case. in the. optical set-up,
a laser beam from a }Ic-Nc laser is divi(icd  into two beams, an object bc.am and a rcfcrcncc bcaln,
by ii beam split tcr. ‘1’he objcc( beam is coliimatcci by a spfit iai filter ami lens combination a~l(i
illuminates the input pat[crn. A holographic optical clcmcnt is usc(i to 1 ‘ouricr transform and
nmitiplex  the, object bcmn into a 5x5 array a( its focal pkmc where a holographic matchcci  filter is
rccordc~i. A convcrgcncc  rcfercncc beam is usc(i to i~dcrferc with the object beam at the matched
fiiter plane. l>urjng,  the rccorciing  of the nmtchc(i  filter, only onc object beam at a time is used with
the rcfcrcncc beam to make the hologram until all 25 channels arc rccor(itxi. ‘JIIc dcvclopc(i
hologram becomes the multi-channel nlalchcxi  fiitcr. in the rca(iing  process, the matchcci  fi iter is
rcplaccd  at exactly at its original location an(i the rcfercncc  beam i s  tumc(i off .  ‘1’hc signai ●

rcprcscllt  ing the corrclat  ion bet wccn the input  patlcrn and tim pattern LIscci  in the rccor(iing  of tile
matche[i filter can bc found at the focal plane of the rcgcncratc(i rcfcrcnce beam where a CCII
I)lloto-clclcctc)l  is placed. ‘1’hc cxpcrimcnt:ll  test rcstllts  S11OWC(1 tl)at llig,h signal to noise. ]atio can 1X3
obtained.
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l;i~urc  1 A systcm (iiagram of the laboratory breadboar(i  prototype.
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‘J’heorctical  Basis

Assuming a convergent wave passing through plane PI and focusing at a certain point
S(x,y,) in plane P,. According to the paraxial approximation, Um distance from an arbitrary point
(x,,y,) in PI 10 point S should be

d~=: # + (xl - X,)2 -+ (yl – yJ2

where z is the distance between

(xl - X.)2 + (y] – y$)2 << Z2,

(1)( -’t ‘ L)* +.”(y Jd2 +=:z+-— . . .
2Z

the two parallel planes PI and P, . If

(2)

wc may take into account only the first two terms in I k] .(2) and neglect others. I lowcvcr,  when the
oblique angle 0 is not very small (e. g., >1 50), the condition above may not be satisfied. In this
case we can use the following nonparaxial  representation,

d ‘----”-r=: R2 -E X; -t Y: ‘-  2X1X$ ‘-  
2.YIJ)S‘

-  ~ ~ +  yh’;.:.?-m ‘-  2W$ + . . . .~,l(-----  - - - - (3)

whcr-e R= OS. The simi]ar rcquircmcnt  to keep only the first two terms in Eq .(3) is

?
x: + y; – 2X1X$ – 2y1y.  << R2, (4)

which is much less stringent than Elq. (2).

Based on this nonparaxia]  approximation, the light distribution at plane P, can be expressed
as

[’U(xl, yl) =- Cxp ~(x: + y: – 2X1X,
AR )]

–  Zy,y, , (5)

where all constants indcpcndcnt  of xl and yl arc and will be ignored throughout this paper without
loss of any physical meaning.

Employing the Frcsnc] diffraction theory, wc can derive the light field distribution in plane
P, wher] a convergent wave passes through a nlask at plane PI with a complex amplitude
transmittance t(xl,y, ) as

(6)

which is simply a l;ourier  transform of t(xl,yl) with a certain scale relation between the space and
frequency domains.

IJrcadboard  I’rotot>fpc  Packaging

‘1’hc completed package of the breadboard prototype arc shown in l’igs. 2 and 3. In l~ig.  2,
the essential optical componcn(s  including a 1 lc-Nc laser, spatial filters, mirrors, and holographic



op[ical  components for the multi-channel optical beam splitting arc shown to bc tightly fastened to a
18 inch by 30 inch aluminum breadboard. Wc have performed cxpcrimcnLs  in the prototype wilh
rcpcatcd  tests. It can bc shown that the correlation signal car, still last in the systcm after many
days. We then closed the aluminum case (Fig,. 3) and transporwd the case around with vibrations.
The test result’s  showed that the correlation signal may disappear duc to the strong vibrations that
the case expcricnccd  and the displaccmcn[  of the micron si?.cd  pinholes in the spatial filters.
However, it can bc shown that the signals can bc easily restored by making another matched filter.
“1’hc  filter can bc made in situ. Thcrcforc the prototype accomplished the vital proof that this
prototype is a viable and practical systcrn.

Applications

As shown above., the compact prototype offcm significant potential capability to perform
parallel recognition of input patterns or vector sets originating from multiple sensors, which
measure either identical or different types of signals. This capability has direct potential
applications in several fields, including parallel database search, image and signal understanding
and synthesis, and robolics manipulation and locomotion, in addition to real-time pattern
rccognitjon.

1 ‘igurc 2 A photograph showing the inter-ior optical arrangement of a breadboard
prototype.



Figure 3 A photograph showing the exterior view of a breadboard prototype.

In the following sections, wc examine some of the possible applications that may utilize  the
capability of the prototype system.

Real lnmges

The most obvious application of the prototype is a neural pattern recognition tool, for usc in
NASA and/or industrial environments. The input patterns may be directly fed to a spatial light
modulator from a standard or nonstandard video camera. This input may be one of a known set of
potential inputs. The set of known potential inputs may be stored in matrix form. Thus, the input
pattern, which may contain noise or variations, through optical processing of the prototype, will
identify a known rcferencc pattern, fi any, at the output plane. “1’his  output may either be presented
for direct  visual confirmation.

One example of such a ulili~ation  of the prototype is for robotics vision. The propotypc
offers the capability of a relatively compact optical processing system to handle imperfect visual
input and draw co;~clusions based upon its
mal-time vision analysis to be performed,
locomotion and environmental interaction,

Reloted  Vector Sets

6wn r~~fcrcnce  l~br&-y  of patterns. This may allow
which could be translated to independent robotics

l’hc second major area in which the prototype might be well utilimd is in the processing of
large and complex data sets, either from a single detector or source, or from more than one detector
simultancous]y.

Known data patlcrns which arc to be searched for may first be cncodcd.  ‘l’he input S1 .M
may then be fcd continuous information from detectors aimed at the field(s) of intc.rest, and
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prototype will in parallel compare each input frame with all of the stored reference data patterns.
Any input data frame which contains a pattern sufficiently similar to one of those stored will result
in the ideal reconstruction of only Ihat pattern at the output plane.

Not only does this allow for direct large scale compares and recognition of data to be
accomplished in parallel, but it also presents the capability of infcming information from the input,
and establishing new recognition rules to be sought and found. ‘l’his is due to the fact that each
input pat[cm will result in some output that indicaks how the input data pattern compares and is
similar or dissimilar to, the data patterns stored. Thus one may attempt to “teach” the prototype to
rezognizc any and all levels of data patterns present in the incoming signals, both on the level of the
discrete data itself and on higher levels of data field. Documentation of the prototype output in a
training mode may allow the rqcatcd ability to infer information from the input of previously
unusable or unseen data patterns.
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